Objective: Several lines of evidence suggest that brain-derived neurotrophic factor (BDNF) plays a role in the pathophysiology of anxiety. We analyzed the association of the BDNF gene polymorphism, G196A (val66met), in the coding region of exon XIIIA in chromosome 11p13, and generalized social anxiety disorder (GSAD). Methods: Patients with GSAD (n=73) and age-matched control subjects (n=152) were tested for the BDNF (val66met) polymorphism. A clinical interview and a Mini-International Neuropsychiatric Interview were conducted by trained psychiatrists in order to diagnose GSAD. The symptomatic characteristics of the GSAD patients were assessed with the Hamilton Anxiety Rating Scale, the Beck Anxiety Inventory, the Retrospective Self Report of Inhibition, the Spielberger State-Trait Anxiety Inventory, and the Liebowitz Social Anxiety Scale. Results: There were no significant differences in the frequencies of the genotypes (χ In addition, when we compared the severity of social anxiety symptom as determined by the clinical scales with the genotypes of the BDNF gene, we could not find any significant differences between the genotypes or allele carriers. Conclusion: These results do not support the hypothesis that the BDNF gene might be a candidate gene for susceptibility or severity of GSAD in the Korean population in this study.
INTRODUCTION
The prevalence of social anxiety disorder (SAD), which is a common anxiety disorder that is characterized by excessive fear and anxiety in response to one or more social or performance situations, has been reported to be 12-14% of the general population. 1, 2) SAD has a chronic course, and it therefore can be a significant and sometimes disabling burden to patients. It is associated with functional impairment, 3) a high economic cost, 4) and low quality of life. 5) According to the Diagnostic and Statistical
Manual of Mental Disorders, revision IV (DSM-IV), generalized social anxiety disorder (GSAD), is a subtype of SAD which refers to people who fear most social situations. 6) Compared to the non-generalized SAD subtype, GSAD has an earlier age of onset and is associated with greater functional impairment. 7) Family studies of subjects with SAD have reported that a high percentage of SAD is observed in first-degree relatives of patients. 8) Especially in first-degree relatives of GSAD patients, the prevalence of GSAD was 10 times higher compared to the general population and familial social phobia is known to be more common among patients with GSAD than patients with non-generalized SAD, so that it is considered a familial form of the disorder.
9)
Although there are no previous genetic studies comparing GASD to non-generalized SAD, these findings and clinical characteristics of GSAD suggest that GSAD may have a significant genetic predisposition. Brain-derived neurotrophic factor (BDNF) is the most abundant neurotrophin in the brain. It has been recognized that BDNF plays an important role in neuronal growth and differentiation during development, and it contributes to the survival, function, and plasticity of neurons in adulthood. [10] [11] [12] [13] It has been reported that the functional single nucleotide polymorphism (SNP; rs6265) of the BDNF gene that produces a valine (Val) to methionine (Met) substitution at codon 66 (Val66Met) affects intracellular trafficking and the activity-dependent secretion of BDNF. 14) So far, associations between the Val66Met polymorphism and a variety of psychiatric disorders, such as schizophrenia, 15, 16) bipolar disorder, [17] [18] [19] geriatric depression, 20) and obsessive compulsive disorder 21) have been studied.
In addition, recent studies have presented evidence that BDNF is involved in the pathophysiology of anxiety disorders. The BDNF Val66Met polymorphism is associated with anxiety-related behavior in mice 22) and with anxiety-related personality traits in humans. 23) Berton et al. 24) reported in a study examining the results of a mesolimbic pathway-specific knockdown of the BDNF gene that BDNF was required for the development of social avoidance in response to social defeat stress in mice. Since the avoidance of anxiety-provoking social situations is the core pathology of GSAD, we assumed that the experience-dependent social aversion of mice might be similar to that experienced by GSAD patients. Based on these findings, we hypothesized that the BDNF gene might be a candidate gene for susceptibility to GSAD. In this study, we investigated the possible association of the val66met polymorphism (rs6265) with GSAD by using a case-control design.
METHODS

Subjects
This study was approved by the ethics committee of Kangbuk Samsung Hospital. Seventy-three unrelated patients with GSAD (53 males and 20 females) were recruited from the Department of Psychiatry at Kangbuk Samsung Hospital. All of the subjects were Korean adults who were diagnosed as SAD by well-experienced psychiatrists and met the criteria for GSAD of DSM-IV. We used the Mini-International Neuropsychiatric Interview (MINI), assessed by a research nurse to confirm the diagnosis of GSAD. We excluded the participants who had any other comorbid axis I diagnosis such as major depressive disorder, bipolar disorder, other anxiety disorders, and any kind of psychotic disorders such as schizophrenia and schizoaffective disorder. Anxiety disorder due to general medical condition and substance-induced anxiety disorder were also excluded.
The symptomatic characteristics of these patients were assessed by the Hamilton Anxiety Rating Scale, the Beck Anxiety Inventory, the Retrospective Self Report of Inhibition, the Spielberger State-Trait Anxiety Inventory (STAI), and the Liebowitz Social Anxiety Scale (LSAS).
The normal control group consisted of 152 healthy volunteers with no past psychiatric history who visited the hospital for their regular health screening. They were also assessed by MINI to ascertain that there was no psychiatric diagnosis.
Genotyping
Venous blood samples were obtained after the completion of informed consent forms. Genomic DNA was extracted from the white blood cells by standard procedures. The presence of the BDNF G196A (val66met) SNP was assayed by polymerase chain reactions (PCR) using constructed primers (forward: 5'-GGTGAGAAG-AGTGATGACCA-3' and reverse: 5'-GCCAGCCAATT-CTCTTTTTG-3'). The PCR products were digested at 37 o C with the restriction enzyme PmaCI (Takara Shuzo Ltd., Kyoto, Japan), which was followed by 2% agarose gel-electrophoresis, as described previously. 25) 
Data Analysis
Differences in the frequency distributions of the genotypes, alleles, and allele carriers were examined by cross-tabulation and Pearson chi-square tests using SPSS version 13.0 for Microsoft Windows (SPSS Inc., Chicago, IL, USA). The Hardy-Weinberg equilibrium for the genotype frequencies in the GSAD patients and normal control samples were tested with chi-square tests. The possible effects of the variations in the BDNF polymorphisms on the clinical characteristics of the GSAD patients were examined with ANOVA or t-tests by comparing the mean scores determined by the clinical scales. The significance level for the results was set at p＜0.05.
RESULTS
All subjects were GSAD patients, whose age ranged from 18 to 60, with a mean (standard diviation, SD) of 31.9 (9.9) years. The mean age (SD) of social anxiety symptom onset was 19.9 (9.8) and the mean (SD) score of LSAS was 84. 4 (26.6) .
When comparing the control group and the patients with GSAD group, the mean age (control: 31 between the patients and controls. When the above comparisons were conducted separately by gender, we did not find any differences between the two groups (statistics not shown).
In addition, an analysis was performed to determine the clinical differences arising from the Val66Met polymorphism among the patient groups. An one-way ANOVA between the genotype groups and independent t-tests between the Met66 allele carriers and the Val/Val carriers failed to show any significant differences with respect to the clinical variables or to the measured scores on the clinical rating scales (Table 2) . Furthermore, there were no significant differences in fear and avoidance subscale scores of LSAS as well as the total scores among genotypes.
DISCUSSION
In this study, the authors investigated association between BDNF Val66Met and GSAD in Korean population. The BDNF has been shown to play an essential role in the avoidance of social defeat stress in experimental animal studies. 24) Among the several functional BDNF gene polymorphisms in human, two novel SNPs, C270T and G196A (Val66Met) have been widely investigated. While C270T is located in a non-coding region with a promotor function, Val66Met polymorphism is known to affect intracellular trafficking and the activity-dependent secretion of BDNF 14) and most of the papers have concerned the latter. Recently, several studies have reported a possible association between the Met66 allele and anxiety-related personality traits such as harm avoidance. [26] [27] [28] Based on the previous studies, as the genetic susceptibility and trait interact and mutually affect on the pathophysiology of social anxiety symptom, we hypothesized that BDNF polymorphism would be also related to GSAD. This study extends these findings to the clinical situation in order to investigate the possible association between BDNF gene polymorphisms and GSAD. Many genetic association studies only compared the frequencies of the genotypes and alleles in a case-control design. In this study, we also investigated the possible association of the BDNF polymorphism and the severity of anxiety in the GSAD patients by measuring the clinical rating scales. The two groups, GSAD patients and controls, were not significantly different in genotype distribution, allele frequency, or in the scores of several clinician rating scales of GSAD. Moreover, total and subscale scores of LSAS and the trait scores of the STAI, were compared among genotypes (Table 2 ), but were found to not differ significantly as well.
However, a possible association between GSAD and the BDNF Val66Met polymorphism cannot be ruled out completely because the gene may play a role as a modulator through interactions with other genes. The BDNF Val66Met polymorphism is known to interact with the serotonin-transporter-linked promoter region (5-HTTLPR) and the dopamine transporter (DAT) VNTR genotype, which modulate the major neurotransmitters, serotonin and dopamine, respectively, and which are closely related to anxiety disorders and influence anxiety-related traits. 29, 30) In a study of geriatric depression in a Korean population, an altered susceptibility to depression was found not in BDNF gene polymorphisms alone, but in interactions of both the BDNF and 5-HTTLPR genotypes with stressful life events. 31) As the genetic association study of GSAD was not much done unlike depressive disorders, the gene and gene interaction should be considered to reveal a significance of some genetic factors on GSAD. Although genetic factor is regarded as important for the development of SAD, there has been few genetic association studies of SAD. Low extraversion, a predisposing factor of SAD was reported to be associated with catechol-O-methyltransferase gene 32) and serotonin transporter promoter (5HTTLPR) gene polymorphism. 33) As this studies only studied social anxiety related trait, genome-wide association approaches to studying social anxiety and genetically related phenotypes would offer the opportunity to move beyond candidate genes. Furthermore, although this study did not find any associations between GSAD and the BDNF Val66Met polymorphism, other BDNF polymorphisms may influence the susceptibility or clinical characteristics of GSAD, and so, further studies are needed. The limitations of this study are as follows. First, the relatively small sample size limits the generalization of our results. These data need to be confirmed in a much larger sample. Second, the sex distributions were significantly different between the patient and control groups. In addition, the male-to-female ratio of 50：23 in this study is incongruent with a recent epidemiological study of a community population, 34) but in agreement with the result from clinical sample in Korea. 35) This result may reflect the genetic characteristics of clinical samples, and community sample study is also needed in the future. Considering that negative results were also obtained when we performed all of the statistical analyses in this study separately by gender, it is not likely that the difference in the sex distribution in our sample would have caused any false-negative results. As we did not investigate genotype of various genes, gene interactions with BDNF gene could not be investigated.
In conclusion, the results of the present study do not support the hypothesis that the BDNF gene might be a candidate gene for susceptibility or severity of GSAD. However, due to many limitations, our negative result should be interpreted carefully and further studies concerning various BDNF polymorphisms with a larger sample may be needed.
